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Abstract 
Insulation degradation of cable insulation causes fire due to electric leakage. Cable insulating materials laid in 
nuclear power plants deteriorate over time, heat and influence of radiation. Here we investigated the degradation 
tendency of insulating materials by radiation irradiation by hammering inspection using AE sensor. As a result, 
for any cable insulation material, curing of insulating material with irradiation could be detected as a change in 
natural frequency. From here, the applicability of AE hammering test as a sound inspecting method for cable 
insulation was confirmed. 
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Table 1 Fig. 1
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Table 1 Specification of samples 

Sample 
type 

Sample
name 

Material Size(mm) 

Cable 

C-1 
Insulating material 

XLPE 
Sheath vinyl 

41 
Length 300 

C-2 
Insulating material 

EPM 
Sheath CR 

38.2 
Length 300 

C-3 
Insulating material 

XLPE 
Sheath

20 
Length 300 

Plate P-1 XLPE 100 
Thickness 10 P-2 EPM 

XLPE Cross-linked polyethylene
EPM Ethylene propylene rubber CR Chloroprene rubber

C 1 C 2 C 3 P 1

P 2

Fig. 1 Irradiation samples 
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1kGy 1
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Table 2 Irradiation condition 
Integrated irradiation dose 1kGy/time 30kGy/time 

Current value 1.73mA 10mA 

Transport speed 15.00m/min 2.89m/min 

Scan width 1100mm 1100mm 
Total dose 

(kGy) Number of irradiation 

0 0 0 

50 67 50

100 133 100

200 267 200

300 400 300

400 553 400

500 667 500  22 17

1000  44 33

1500  67 50

2000  89 67

3.2 

Table 3
1kGy/ 30kGy/
C-1,C-3 C-2
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Table 3 Temperature measurement result 

Sample

Type 

Sample

name 

Heat resistance 

test temperature Measuring 

position 

Measured 

temperature 

[ ]

T[ ]
time 

[h] 

1kGy 

/time 

30kGy

/time 

cable 

C-1 120 96 
Surface 18 75 

Core wire 20 80 

C-2 100 48 
Surface 19 100 

Core wire 21 100 

C-3 150 96 
Surface 19 80 

Core wire 20 100 

plate 

P-1 
Surface 18 70 

Internal 18 80 

P-2 
Surface 18.5 90 

Internal 18.5 90 

JIS C 3005 Test methods for rubber or plastic insulated wires and cables
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Fig. 3 AE Hammering Inspection system 

Fig. 4 AE hammering inspection method 

Evaluation peak frequency

Fig. 5 Frequency distribution (C-1) 

4.1.1 AE
C-1 AE

Fig. 6

1000

1500

2000

Fr
eq

ue
nc

y[
H

z]

Sample number
333231302928272625242322212019181716151413121110987654321

Fig. 6 Peak frequency (C-1, before irradiation) 
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Fig. 7 Influence of irradiation dose on peak frequency, C-1 
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Fig. 8 Influence of irradiation dose on peak frequency, C-2 
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Fig. 9 Influence of irradiation dose on peak frequency, C-3 
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Fig. 10 Influence of irradiation dose on peak frequency, P-1 
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Fig. 11 Influence of irradiation dose on peak frequency, P-2 
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Fig. 12 Schmidt hammer measurement method 

0

10

20

30

C
om

pr
es

si
ve

 st
re

ng
th

[N
/m

m
2]

C-1 Average C-2 Average C-3 Average

Sample number
333231302928272625242322212019181716151413121110987654321

Fig. 13 Compressive strength (C-1,C-2,C-3, before irradiation) 
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Fig. 14 Compressive strength (P-1 and P-2, before irradiation
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Fig. 15 Influence of irradiation dose on compressive strength, C-1 
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Fig. 16 Influence of irradiation dose on compressive strength, C-2 
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Fig. 17 Influence of irradiation dose on compressive trength,C-3 
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Fig. 18 Influence of irradiation dose on compressive trength,P-1 
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Fig. 19 Influence of irradiation dose on compressive trength,P-2 
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